Introduction
Control of cellular growth is tightly linked to the regulation of protein synthesis through the eukaryotic initiation factor 4E (eIF4E). eIF4E facilitates the recruitment of mRNA to the translational machinery by binding of the mRNA 5#-cap structure (von der Haar et al., 2004) and is subject to regulation. Nutrition sensing and growth factors regulate formation of productive translation initiation complexes (Richter and Sonenberg, 2005 Protein kinases contain conserved structural elements to bind and activate their protein substrates and the Figure 1B) , one of which (I3) contains a cluster of four conserved cysteines. We asked whether and how these features affect the structure and function of the kinase domain. While we were able to express and purify the recombi- nant full-length Mnk2, the protein failed to crystallize. We therefore screened for alternative expression constructs, identifying a truncated version (residues 72-385) that encompasses the kinase domain ( Figure 1A ) and could be produced in soluble form (see Experimental Procedures). This construct is referred to as the Mnk2-kinase region (Mnk2-KR) herein. Significantly, nonphosphorylated Mnk2-KR is inactive but can be activated by phosphorylation via ERK2 (Figure 2) Figure  3A) . The N-terminal lobe contains a twisted β sheet (β2-β5; numbering of secondary structure elements is ac- cording to the standard nomenclature of kinase topology; Knighton et al., 1991a) and an α helix (αC). While the N-terminal part of the protein runs in antiparallel fashion along the edge of strand β2, it does not engage in continuous β-type backbone pairing to the β sheet; therefore, the present structure of Mnk2-KR formally lacks strand β1 ( Figures 1B and 3A) . The conserved residue Glu129 of helix αC participates in an ionic interaction with Lys113 in β3, as required for stabilizing the ATP substrate (Taylor and Radzio-Andzelm, 1994). The glycine-rich loop (residues 90-94) is flexible and contains the conserved residues Gly91 and Gly93, which play key roles in ATP binding (Taylor and RadzioAndzelm, 1994). The C-terminal lobe (residues 166-368) starts downstream of the "hinge" connector region (Gly164, Gly165) and contains a predominantly hydrophobic four-helix bundle (αD-αF, αH). 
Inhibitory Conformation of the Activation Segment
The magnesium binding loop (residues surrounding the DFD motif), the activation loop (disordered residues preceding the P+1 loop), and the P+1 loop (residues 250-259) constitute the activation segment ( Figure 3A ; Nolen et al., 2004). It is followed C-terminally by the short helix αEF (residues 260-265) and the long helix αF (residues 270-290), the latter being part of the fourhelix bundle in the C-terminal lobe ( Figure 3A ). The P+1 loop was shown to interact with a residue adjacent to the phosphorylation site (Knighton et al., 1991b). Together with the adjoining helix αEF, the P+1 loop represents subdomain VIII (Hanks and Quinn, 1991), which in active protein kinases is cradled in a predominantly hydrophobic environment provided by αF, αG, and the C loop. In the present Mnk2-KR crystal structure, helix αF is N-terminally extended due to a Mnk-specific insertion (I2; Figure 1B) . As a consequence, the protein disengages the canonical intramolecular interaction between subdomain VIII and the αF/αG/C loop region, and, instead, two symmetry-related, neighboring molecules in the crystal reciprocally insert their activation segments into the C-terminal lobe of the symmetry mate ( Figure 3B ). This intermolecular interaction observed for Mnk2-KR maintains conserved polar interactions between subdomain VIII and the αF/αG/C loop region, which are normally built up intramolecularly (as seen, e.g., in DAPK1; Figure 3C , Figure S1 ; see the Supplemental Data available with this article online), including a hydrogen bond between Ser253 (P+1 loop) and Asp205 (C loop) as well as a Glu260-Arg356 ion pair ( Figure 3C ).
Because protein kinases require the interaction of the P+1 loop with the C loop for substrate binding and since such an interaction is fostered intermolecularly in 
Replacement of DFD by the Canonical DFG Motif
As described, we did not observe any direct interactions of the Mnk-specific Asp228 of the DFD motif with other protein residues, and this finding led us to question its importance for the DFG/D-OUT conformation. To clarify this point, we replaced Asp228 with a glycine and solved the corresponding Mnk2-KR D228G structure at 3.2 Å resolution. The Fo-Fc "omit" electron density map of the DFG region suggests that the Mnk2-KR showed that both Mnk2-KR and Mnk2-KR D228G were able to bind ATP and that binding occurred irrespective of the phosphorylation-dependent activation of the proteins ( Figure 5C ). However, only the phosphorylated forms of Mnk2-KR and Mnk2-KR D228G exerted kinase activity (Figure 2) . These results establish that phosphorylation of Mnk2-KR is a prerequisite for catalytic activity, but not for ATP binding, and that neither aspect depends on Asp228 of the DFD motif.
Since our solution studies showed that ATP is able to bind to nonphosphorylated Mnk2-KR ( Figure 5C ), we attempted to cocrystallize the protein with ATP, ATP/ 
Mg
2+ , or the nonhydrolyzeable analog AMPPNP with and without Mg 2+ or to soak preformed crystals with these substances in order to directly visualize conformational changes taking place upon nucleotide binding. Despite extensive efforts, we were not able to obtain crystals of the ATP bound form. Indirectly, these negative results suggest that indeed conformational changes take place upon ATP binding.
A Zinc Binding Motif in Mnk2
Among the Mnk-specific insertions, a region containing four conserved cysteine residues stands out (I3; Figure  1B) . In the present crystal structure, the four cysteines are arranged in a manner suggesting a metal ion binding site ( Figure 6A) . In order to verify the presence of a metal ion in the protein, we recorded the X-ray fluorescence spectrum of frozen Mnk2-KR crystals. Kα and Kβ emission lines characteristic of a zinc ion were observed ( Figure 6B ). Significantly, Zn 2+ was never added during the expression, purification, or crystallization of the protein and, therefore, must have been scavenged spontaneously by the protein from the cellular environment. To locate the zinc ion within the Mnk2-KR structure, we reprocessed the original Mnk2-KR diffraction data and kept the Friedel pairs separated. While the diffraction data were collected at a wavelength of 1.05 Å, i.e., remote from the Zn K edge (about 1.28 Å), the anomalous signal expected at that wavelength (w2.7e) is still strong compared to the maximum signal around the edge (w3.9e). Indeed, the Fourier map calculated from the model phases and the anomalous intensity differences revealed a single peak at w6σ above the background, which maps to the center of the four cysteine SH groups ( Figure 6A) . Therefore, we conclude that Mnk2 bears a zinc finger-like module within the kinase domain.
We do not expect a direct effect of the zinc finger on the catalytic activity since it is positioned far away from the catalytic center. In zinc fingers of other proteins, zinc ions contribute to the shaping and compaction of short structural motifs, which often provide a binding platform for proteins and/or nucleic acids (Krishna et  al., 2003) . Thus, we assume that the Mnk-specific zinc finger serves as a docking site for phosphorylation targets and/or regulators. Studies to test the significance of the Mnk-specific zinc finger in vivo are in progress. 
Conclusions

Protein Preparation
Expression of GST-Mnk2-KR or GST-Mnk2-KR D228G was performed in E. coli BL21. Cells were grown in LB medium (Merck, Darmstadt, Germany) supplemented with ampicillin (100 g/ml; 37°C). Expression was induced at an OD 600 of 0.8 with 1 mM isopropyl thiogalactoside (4 hr; 25°C). Cells were harvested by centrifugation and resuspended in 10 ml lysis buffer ( 
Crystallographic Analysis
Crystals of wild-type Mnk2-KR and of Mnk2-KR D228G were grown by vapor diffusion with a reservoir solution containing 23% (w/v) polyacrylic acid 5100, 2% (v/v) 2-methyl-2,4-pentane-diol, and 0.1 M HEPES/NaOH (pH 7.7) and were frozen (liquid nitrogen) in reservoir solution supplemented with 12.5% glycerol and 12.5% ethyleneglycol. Diffraction data (Table 1) (Table 1 ). In the last refinement cycles, different overall anisotropic temperature factor corrections were applied to the N-terminal lobe and the C-terminal lobe by using the TLS refinement option of Refmac5. The structure of Mnk2-KR D228G was subsequently solved by molecular replacement by using the refined Mnk2-KR structure and was refined with CNS.
Gel Filtration and Light Scattering
Gel filtration chromatography was carried out with a SMART system by using a Superdex 75 PC 3.2/30 column (Amersham). Experiments were performed at room temperature in 20 mM Tris/HCl (pH 7.5), 100 mM NaCl, 1 mM DTT at a flow rate of 0.04 ml/min. The molecular weight of Mnk2-KR was estimated by using standard proteins (BioRad, Munich, Germany). Multiangle laser light scattering with a 30 M solution of Mnk2-KR in the same buffer was performed as described elsewhere (Jauch et al., 2003). 
Kinase and Dot Blot Assays
